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Abstract

The use of botanicals to replace as anaesthetics in fish is gaining momentum in recent years. This study was carried out
to determine the efficacy of Nutmeg (Myristica fragrans) as anaesthetics in three life stages of African catfish (Clarias
gariepinus). A total of 180 specimens of C. gariepinus were procured from Production Ponds in African Regional Aquaculture
Centre, (ARAC), Aluu, and Rivers State of Nigeria. They were exposed to nut Meg extracts at different concentrations of 4.00,
6.00, 8.00, 10.00 and 12.00mg/L. The results obtained indicated a size related responses to nut Meg extracts. The induction
time decreased significantly (P<0.05) as the concentrations of the nut Meg extracts increased. The highest induction time
(15.08+0.04 min) was recorded in adult fish at 12.00mlL-1. While the lowest (3.18+0.06 min) was recorded in fingerlings at
4.00mlL However, the longest recovery time (11.59+0.06 min) was observed in the adult fish at 12.00 mg/1 and the shortest
(1.13+0.02) in fingerlings at 4.00mg/1 of the nut Meg extracts. The recovery time for all the life stages generally increased as
the concentrations of the anaesthetics increased. Also, the recovery times in adult fish were higher at all concentrations; this
was closely followed by juvenile fish, while the shortest recovery time was observed in fingerlings in all concentrations of
exposure. This trend followed the pattern of typical fish anaesthetics in terms of induction time and recovery time.
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Introduction

Anaesthesia is a biological state with the partial or
complete loss of sensation or loss of voluntary neuromotor
control induced by chemical or nonchemical means [1].
Anaesthesiaabolishes painin fishand induces a calming effect
followed by loss of equilibrium, mobility and consciousness

Efficacy of Nutmeg (Myristica fragrans) as Anaesthetics in Three Life Stages of African Catfish (Clarias

gariepinus)

[2]. Anaesthetics in fish farms are used to minimize
mortality during handling and transport. This may reduce
susceptibility to pathogens and infection (Woody etal. 2002).
Anaesthetics are also used in fish during artificial spawning,
weighing, tagging, grading, blood sampling, surgery and
surgical procedures [3,4]. When choosing ananaesthetics,
a number of considerations are important, such as efficacy,
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cost, availability and ease of use, as well as toxicity to fish,
humans and the environment [5] and the choice may also
depend on the nature of the experiment and species of fish
[6,7]. Also, anesthetics are also used in fish during artificial
spawning, weighing, tagging grading, blood sample, surgery
and surgical procedures [8]. Knowledge about the ideal and
optimum concentration of an anaesthetic for various fish
species is necessary because in-appropriate concentrations
may lead to adverse effects such as stress [9]. Therefore,
access to safe and effective fish sedatives is a critical need of
fisheries researchers, managers, and culturists [10-12].

Recently, nutmeg (Myristica fragrans) received favorable
reviews as an alternative fish anesthetic for a variety of fish
species as well as for crustaceans. Nutmeg has been used
since time immemorial for medicinal purposes. Nutmeg
(Myristica fragrans) is a member of the Myristicaceae family.
It is a perennial tree found ecologically in the tropics and
well distributed in the north-central region of Nigeria [13].
Extracts from its nuts contains 70 - 90% myristidate4-21%
beta-caryophyllene, 1-21% eugenyl acetate and 10 19%
tannin [14].

The clarids are scaleless fishes with slimy skin. They
are darkly pigmented on the dorsal and lateral parts of the
body. The pigment turns lighter in colour when exposed to
light. During stress the fish develop a mosaic-like pattern
of dark and white spots. Clarias gariepinus have eight
barbels around the mouth, which serve as tentacles with
strong olfactoric sense, enabling the fish to identify food
and prey in the night and in area of low light penetration
[15]. C. gariepinus species have well developed pectoral fins
serving locomotory and protective functions. They are able
to migrate long distances on moist soil/vegetation using the
spines. They have functional gills for gas exchange in water
and they also possess accessory respiratory organs, which
enable air breathing to survive very adverse oxygen deficient
conditions. Generic differences between Clarias gariepinus
are well marked. Clarias gariepinus has a single dorsal fin,
with 65 to 80 rays, which extends from the head region to the
caudal peduncle.

Despite the huge activities on C. gariepinus the
information on the use of naturally derived anaesthetics to
manage both intentional and unintentional stress across its
production chain is scarce, hence the need for this study.
This study will shed more light on stress management in fish
farming using plant extract as anaesthetics. Data concerning
the haematological side effects of nutmeg as anaesthetics
on C. gariepinus species are also scarce and incomplete.
The aims of the present study are to evaluate the effects of
anaesthesia with nutmeg in fingerlings, juvenile and adult of
C.gariepinus.
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Material and Methods

Sources of Experimental Fish

A total of 180 specimens of C. gariepinus comprising
of 60 each of fingerlings (mean length 6.87cm+1.54 SD
and mean weight 10.23g+123SD), juveniles (mean length
17.78cm+2.88 SD and mean weight 106.99g+ 4.78SD), and
adults (mean length 29.33cm+3.01 SD and mean weight
654.43g+11.89SD), were procured from Production Ponds
in African Regional Aquaculture Centre, (ARAC), Aluu, Rivers
State of Nigeria.

Acclimation of Experimental Fish

They were transferred in 50L jerry cans to the
Demonstration Farm and acclimated for a period of seven
days. During this period they were fed with commercial feed
(be specific which commercial feed) (40% CP) at 3% body
weight. The water in acclimation tanks was renewed every
two days.

Preparation of Nutmeg

Dried nutmeg seeds Myristica fragrans (Platel)
were purchased from Choba Market in ObioAkpor Local
Government Area of Rivers State. Plant authentication was
done using the keys of Agbaje [16]. The nuts were taken to the
laboratory and ground into power using a kitchen blender
(Model H2, Ken Wood, Japan). The milled nutmeg was sieved
using 0.1 micro nylon mesh to obtain the fine powder.

Experimental Design

The design of the experiment was a Completely
Randomized Design (CRD) having five treatments levels
each with three replicates for each of the life stages. A total
of 60 plastic basins of dimension (52 x 44 x 34 cm3) each
were used for the experiments. The 60 basins were labeled
based on life stage of the fish, treatment levels and replicates.
Each basin was stocked with five (5) fish per tank. A total of
180 (two hundred and twenty five) reconcile this 5 fish in 60
plastic tanks will give 360 fish) fish were stocked.

Experimental Procedure

The powder were weighed into different concentrations
(10.0, 20.0, 30.0,40.0 and 50mg/1) using weighing balance. It
was applied directly in three replicates into the water (10L)
in 30L experimental plastic aquaria. The mixtures were
stirred vigorously to ensure homogenous mixture. The fish
were weighed with 20 kg round top weighing scale (Model
1123HK, Digital Scales, Ltd, Beijing, China). While the length
was measured with transparent meter rule. They were
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introduced into prepared experimental aquaria, containing
five concentrations of powdered nutmeg (4.00; 6.00; 8.00;
10.00 and 50.00 mg/1) at the rate of five fish per tank in
triplicates.

Determination of Induction and Recovery Time

The time for onset of anesthesia for the exposed fish
with the nutmeg extracts was measured using a digital
stopwatch. Fish behaviour was monitored individually
through the induction and recovery stages in each life stage
and concentrations (Tables 1-3). In the induction stage,
five different behaviours were observed [17]. After the
anesthesia, fish was removed individually using a scoop net
and transferred into a clean water tank. Recovery time which
followed the following stages; reappearance of opercula
movement, partial recovery of equilibrium, irregular balance,
total recovery of equilibrium and lastly, normal swimming
was observed [18,19]. Recovery time was then recorded.

Evaluation of Water Quality Parameters

The water pH was determined in situ in each of the
aquarium with a pH meter (Hanna Products, Portugal). This
was achieved by dipping the end of the electrode into the
test solution and the mode button was selected and reading
was taken. The temperature of the water was measured by
placing the mercury in glass thermometer in the water and
taking a reading after five minutes at 15cm depth. The values
of Ammonia-nitrogen Nitrite, dissolved oxygen and sulphide
were evaluated using LaMotte fresh water test kit (Model
AQ4, Chestown, Maryland, USA [18].

Statistical Analysis

The data obtained from the study was collated and
analyzed using statistics software 8.0 for windows. Data was
first tested for normality (Kolmogorov - Smirnov test) and

homosesdasticity of variance (Bartetts test). When these
conditions were satisfied, a two way analysis of variance
(ANOVA) was employed to reveal significant differences in
measured variables among control and experimental groups.
When a difference was detected (P<0.05), Tuckey’s multiple
comparison test was applied to identify which treatment was
significantly different.

Results

The water quality parameters in experimental tanks in
fingerlings, juveniles and adult sizes of C. gariepinus exposed
to nutmeg seed extracts are presented in Tables 1 to 3 The
results indicated a significant reduction (P<0.05) in the
values of dissolved oxygen which reduced with increasing
concentration of the nutmeg seed extracts . While other
water quality parameters were within the same range with
no significant different in relation to the concentration of the
nutmeg seed extracts (P>0.05). The induction time in various
life stages of C. gariepinus exposed to nutmeg seed extracts
are presented in Tables 4 to 6. The use of nutmeg seed
extracts as anaesthetics resulted in different induction times
depending on the dosage and size of the fish. The various
stages of induction which include: decrease in caudal fin
strokes; decrease in swimming ability; loss of equilibrium;
cessation in Operculum beat frequency and immobilization,
decreased with the increase in the concentrations of clove
bud extracts in all the three life stages of the fish. Anaesthetics
(Tables 4-6). Furthermore, the induction time in adult size
of C. gariepinus was higher than the juveniles which in turn
were higher than the fingerlings. The results of the recovery
time in C. gariepinus exposed to nutmeg seed extracts are
presented in Tables 7-9. The result indicated a significant (P
< 0.05) increased in the recovery time, as the concentrations
of nutmeg seed extracts increased. The various stages of
recovery in the exposed fish differ significantly at various
concentrations.

Parameters Concentrations (mg/L)
4 6 8 10 12
pH 5.50 +0.05° 5.35+0.07° 4.94+0.03° 4.75+0.03° 4.66+0.03°
Temp. (°C) 29.00+0.002 29.10£0.10° 28.67%0.062 28.60£0.00° 28.50£0.00°
DO(mg/1) 4.34 +0.03° 3.53+0.03° 2.85+0.04° 2.92+0.01" 2.80+0.02°
Ammonia 0.54 +0.02° 0.83+0.02* 0.95+0.02* 1.05+0.03? 1.24 +0.01*

Means within the same roll with different superscripts are significantly different (P<0.05)

Table 1: Water Quality Parameters in Experimental Tanks of C. gariepinus Fingerlings Exposed to Nutmeg Seed Extracts

(Mean+SD).
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Parameters Concentrations (mg/L)
4 6 8 10 12
pH 5.50+0.02° 5.32+0.02? 4.87+0.03? 4.67+0.04* 4.80+0.01°
Temp.(°C) 29.40+0.10° 28.93+0.15° 28.60+0.10° 28.50+0.00° 28.40+0.00°
DO(mg/1) 4.30+0.02* 3.54+0.03¢ 2.94+0.03° 2.88+0.30° 2.81+0.02°
Ammonia 0.58+0.01° 0.86+0.02? 0.96+0.02° 1.05+0.02° 1.26+0.02°

Means within the same roll with different superscripts are significantly different (P<0.05)
Table 2: Water Quality Parameters in Experimental Tanks of C.gariepinus Juveniles Exposed to Nutmeg Seed Extracts (Mean*SD).

Parameters Concentrations (mg/L)
4 6 8 10 12
pH 5.43+0.04° 5.29+0.022 4.87+0.04° 4.74+0.03* 4.83+0.02°
Temp.(°C) 28.97+0.02° 28.52+0.01° 28.60+0.03¢ 28.75+0.04* 28.98+0.02¢
DO(mg/1) 2.84+0.02° 2.91+0.02° 2.92+0.02° 3.49+0.03° 4.25+0.03°
Ammonia 0.57+0.01° 0.85+0.02¢ 0.96+0.01° 1.03+0.02° 1.25+0.03¢

Means within the same roll with different superscripts are significantly different (P<0.05)
Table 3: Water Quality Parameters in Experimental Tanks of C.gariepinus Adults Exposed to Nutmeg Seed Extracts (Mean+SD).

Stages of Induction 4 6 8 10 12
| 3.28+0.02¢ 2.34+0.03¢ 1.39+0.02° 1.29+0.05° 1.06+0.012
Il 3.56+0.03¢ 3.19+0.05¢ 2.47+0.02¢ 1.58+0.09° 1.23+0.02?
I 4.34+0.04¢ 3.46+0.05¢ 3.33+0.03¢ 2.14+0.04" 2.48+0.06°
v 4.58+0.05¢ 4.23+0.07¢ 3.57+0.04¢ 3.28+0.08° 2.38+0.042
\' 5.20+0.06° 5.04+0.09° 4.59+0.04° 4.48+0.09° 3.18+0.03?

Means within the same roll with different superscripts are significantly different (P<0.05)
KEY: I- Decrease in caudal fin strokes; II- Decrease in swimming ability; III- Loss of equilibrium; IV-Cessation in Operculum beat

frequency; V- Immobilization

Table 4: Induction time (mins) in C. gariepinus Fingerlings Exposed to Nutmeg Seed Extracts (Mean +SD).

Stages of Induction 4 6 8 10 12
I 11.480.08¢ 7.24+0.04° 4.47+0.04° 4.31+0.03% 4.12+0.02%
11 12.56+0.08¢ 7.4620.08° 5.56+0.02° 5.23+0.01° 4.39+0.03?
11 13.23+0.05° 8.39+0.01¢ 6.42+0.01° 6.18+0.02° 5.33+0.05%
v 13.51+0.01° 9.28+0.03" 7.21+0.02° 7.12+0.03° 6.57+0.02°
% 14.03+0.02° 10.51+0.08° 8.56+0.09% 8.03+0.02? 7.33+0.02?

Means within the same roll with different superscripts are significantly different (P<0.05)
KEY: I- Decrease in caudal fin strokes; II- Decrease in swimming ability; III- Loss of equilibrium; IV-Cessation in Operculum beat

frequency; V- Immobilizati

on.

Table 5: Induction time (mins) in C. gariepinus Juveniles Exposed to Nutmeg Seed Extracts (Mean +SD).
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Stages of Induction 4 6 8 10 12
I 11.38+0.05¢ 11.19+0.03¢ 10.37+0.04¢ 8.27+0.01° 6.39+0.02°
II 12.57+0.08¢ 12.37+0.08¢ 11.26+0.02¢ 8.56+0.02° 7.14+0.04°
I 13.56+0.06° 13.25+0.01*° 12.38+0.08* 9.43+0.01° 7.45%0.05°
A% 14.24+0.05¢ 13.36+0.05° 13.14+0.01° 9.18+0.03¢ 8.23+0.03¢
\'% 15.08+0.04¢ 14.18+0.03¢ 13.38+0.04* 10.27+0.03° 9.56+0.02°

Means within the same roll with different superscripts are significantly different (P<0.05)
KEY: I- Decrease in caudal fin strokes; II- Decrease in swimming ability; III- Loss of equilibrium; IV-Cessation in Operculum beat

frequency; V- Immobilization

Table 6: Induction time (mins) in C. gariepinus Adults Exposed to Nutmeg Seed Extracts (Mean +SD).

Stages of Induction 4 6 8 10 12
I 0.38+1.08° 1.12+0.02° 1.59+0.02° 2.23+0.01¢ 3.38+0.06°
11 0.49+1.25° 1.52+0.03° 2.27+0.04° 3.16+0.02° 4.15+0.05¢
111 0.57+3.32° 2.03+0.05° 2.48+0.03¢ 3.48+0.02¢ 4.48+0.08¢
v 1.030.03* 2.41+0.06° 3.22+0.08° 4.16+0.03¢ 5.41£0.08°
\ 1.1340.022 3.45+0.01° 3.57+0.10° 5.44+0.10¢ 6.51+0.06°

Means within the same roll with different superscripts are significantly different (P < 0.05)

KEY: I- Reappearance of Opercula movement; II- Fin movement resumes; III- Partial Swimming Resumes; IV- Regains full
equilibrium; V- Fish regains full and active swimming

Table 7: Recovery time (mins) in C. gariepinus Fingerlings Exposed to Nutmeg Seed Extracts (Mean £SD).

Stages of Induction 4 6 8 10 12
I 0.38+0.02° 1.11+0.03° 1.57+0.02° 3.31+0.01¢ 4.59+0.08°
II 0.46x0.05* 1.52+0.05° 2.05+0.04° 4,58+0.02¢ 5.56%0.05¢
111 1.12+0.02° 2.12+0.01° 3.01+0.05° 5.09+0.02¢ 6.54+0.03¢
v 1.34+0.07° 2.34+0.08° 3.18+0.03° 6.58+0.03° 7.59+0.08°
\ 2.32+0.02° 3.56+0.03° 4.25+0.02¢ 7.05+£0.02¢ 8.17+0.03¢

Means within the same roll with different superscripts are significantly different (P<0.05)

KEY: I- Reappearance of Opercula movement; II- Fin movement resumes; III- Partial Swimming Resumes; [V- Regains full
equilibrium; V- Fish regains full and active swimming

Table 8: Recovery time (mins) in C. gariepinus Juveniles Exposed to Nutmeg Seed Extracts (Mean +SD).

Stages of Induction 4 6 8 10 12
I 3.23+0.03¢ 4.28+0.04° 5.36+0.04° 6.59+0.04¢ 7.32+0.07¢
II 4.35+0.06* 5.47+0.05° 6.49+0.06° 7.54+0.08° 8.54+0.02¢
I11 5.26+0.08° 6.15+0.02° 7.21+0.03° 8.19+0.07° 9.51+0.02°
1\Y 5.58+0.02° 6.38+0.05° 7.49+0.04° 8.58+0.02° 10.47+0.03¢
\% 6.11+0.02° 7.22+0.01° 8.13+0.04° 9.28+0.05¢ 11.59+0.06¢

Means within the same roll with different superscripts are significantly different (P<0.05)

KEY: I- Reappearance of Opercula movement; II- Fin movement resumes; III- Partial Swimming Resumes; IV- Regains full
equilibrium; V- Fish regains full and active swimming

Table 9: Recovery time (mins) in C. gariepinus Adults Exposed to Nutmeg Seed Extracts (Mean +SD).
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The comparative induction time (time taken for the fish
to be anaesthetized) in C. gariepinus exposed to nutmeg seed
extracts were shown in Figure 1. The highest induction time
(15.08+0.04) was recorded in adult fish at 4.0mL-1. While the
lowest (3.18+0.03 s) was recorded in fingerlings at 12.0mL™
(Figure 1). For the recovery time, Figure 2 the longest recovery
time (11.59+0.06s) was observed in the adult fish at 12.00

mg/l and the shortest (1.13£0.02 (S) in fingerlings at 4.00mg/1
of the nutmeg seed extracts. The recovery time for all the
life stages generally increased as the concentrations of the
anaesthetics increased. Also, the recovery times in adult fish
were higher at all concentrations; this was closely followed by
juvenile fish. However, a shortest recovery time was observed
in fingerlings in all concentrations of exposure (Figure. 2).

Fingerlings

16.00 -
14.00 #
12.00
10.00
8.00 -
6.00
4.00 -
2.00 -
0.00

Induction time (s)

Juvenile Adult

4.00 6.00

8.00 10.00 12.00
Concentration (mg/L)

Figure 1: Comparative values of Induction time of different sizes of C. gariepinus exposed to Nutmeg Seed Extract.

Figure 2: Comparative values of Recovering time of different sizes of C. gariepinus exposed to Nutmeg Seed Extract.

Discussion

The results obtained from the present study shows that
different sizes of C. gariepinus exposed to nutmeg extract
sequentially progressed through all the stages of anaesthesia
and the experimental fish were successfully tranquilized at
all levels of concentration, similar to the findings from the
study on the effects of sodium bicarbonate on common carp
(Cyprinus Carpio) juveniles which only reached all the stage
of anaesthesia [19]. The effect of the anaesthetizing extracts
appeared to be concentration dependent since faster
tranquilization was achieved at higher concentration of the
extract as reported in other studies [20-22]. This observation
is also in agreement with Kavitha C, et al. [23] that the
degree of anaesthesia is influenced by the concentration of
the anaesthetic in the central nervous system (CNS) of the
organism.

Abu OMG, et al. Efficacy of Nutmeg (Myristica fragrans) as Anaesthetics in Three Life Stages of
African Catfish (Clarias gariepinus). Int ] Oceanogr Aquac 2023, 7(3): 000257.

Moreover, in the present investigation the shorter
induction time taken to tranquilize the experimental fish,
C.gariepinus, with increased concentration of the anaesthetic
extracts may be attributed to the accumulation of the active
ingtredients, rotenoids, in the body system of the fish which
impaired the activity of CNS at a much faster rate [23].
When the time taken for C. gariepinus to enter anaesthesia
or to be tranquilized (induction time) and recovery time
are considered in the present investigation, significant
differences in induction time were recorded at anaesthetic
stages depicting the effect of concentration on induction
time at this stage of anaesthesia [24].

The recovery times in agreement with other researchers
[25], and it tended to increase with increasing concentration
of nut Meg extracts. However, Hseu JR, et al. [26] reported
that higher drug concentration or dose increase recovery
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time. In the case of immersion anaesthetics Florida, et al.
[27] suggested that this may be due to the fact that higher
dose induced anaesthesia more rapidly thus allowing the
experimental fish to be removed from the anaesthetic
bath and placed in clean water earlier than fish exposed to
lower doses. Since the degree of anaesthesia is influenced
by the concentration of the anaesthetic in the CNS of the
experimental fish [28],in the presentstudy where the parental
route of anaesthesia was used this may explained by the fact
that more of the active ingredients of the anaesthetic extract
accumulated in the CNS of the fish at higher concentrations
thus suppressing the activity of the CNS to a greater degree
than at lower concentrations and consequently prolonging
the recovery time. The recovery time of 506.67 minutes (8.43
Hrs) obtained with the freeze-dried leaf extract is close to
the 12 hour recovery time reported for Oreochromis niloticus
anaesthetize with quinaldine [29].

The higher concentration of anaesthetics obtained in
adult, when compared to other sizes as obtained in this study
could be due to the size and weight of the fish in relation
to the low concentration used since larger individuals
generally require a greater concentration of the anaesthetic
than smaller individuals [30]. This could also be due to the
stage of the life cycle, age, lipid content and body condition,
all of which are biological factors that influence metabolic
rate and therefore the pharmacokinetics of the anaesthetic
compound [31]. The result further indicated that the effective
concentration of the aqueous extract of nutmeg was similar
to the induction time reported for Valamugil cunnesius and
Monodactylus argenteus respectively, following clove oil
anaesthesia [30], and the 1.5minutes for Acepenser perscicus
exposed to clove oil [31]. When the rapid induction time
(3-5 minutes) required of an ideal anaesthetic [32-34] is
considered, the aqueous extract nutmeg seed closely meet
the requirement of an ideal anaesthetics.

Conclusion and Recommendations

Nut Meg extracts was able to sedate fingerlings, juveniles
and adult sizes of C. gariepinus brood stock within 4-6 min
and recover from sedation within 6.0-6.5 minutes. Nutmeg
seed extracts possess the desirable properties of affordable,
accessible and suitable anaesthetics agent for handling,
restraint and immobilization of Clariids for various handling
procedure in aquaculture.
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